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Huminlzed C-erbB-2 specific antibodies 

Field of the Invention 

The present invrauion related to tte field of molecular biology in general, 
and die field of chimeric immimogk^Milins in paiticular. 

; S Background 

The presrat invration relates to altered inuDunoglobuiin molecules in which 
at least pait of the complonratarity cteermining regions in the light or heavy chain 
variable domains have been replaced by analogous complraientarity ctetermining 
r^ion(s) from a murine antibody specific for c-erbB-2. 

I 10 Hie c-cib-2 (HER-2) oncograe may be e7q>ressed in himian breast 

carcinoma cells Init is either not repressed, or e3q>ressed at much lower levels, in 
non-cam^eious cells. It is thus of mterest to provicte antibodies specific for the erfa 
oscoded protein. Antibodies q)ecific for this protein may be used to assay for the 
preseiKre of cells e?q>ressing the eijj encoded prxnein, or may be ^lied to patients 
IS so as to q>ecificaUy bind to carcinoma cells either for diagnostic, imaging or 
th^apeutic purposes. 

It is of intoest to produce monoclonal antibodies q)ecific for antig^ that 
are e?q)iessed in much hi^ier amounts in tumors, such as gi^. Monoclonal 
antibodies have numerous advantages over polyclonal antibody preparations to the 
20 same antigen. These advantages include higher spedfidty and the ability to 
rq}roducibly gen^ate large quantities of the antibody of interest. Since mo^ 
monoclonal antibodies are of murii^ or non*human origin, thdr administration 
into human pati^tts is a sigmficant problmi. Introduction of non-human 
antibodies into human patients may have a variety of adverse effects. Such 

; 25 advert effects include the devdqnnrat of an antibody re^xmse directed to many 
portions of the admini^red monoclonal antibody, such as HAMA (human anti- 
mouse antibody). Additionally, the antibody may foil to intmct with other 
portions of the human immune system, e.g., a murine antibody Fc r^on may not 
interact witti human Fc recQ)tors. thus resulting in the absence of the desired 
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inrmmte lesponse to cells di^kying the antigea of intoest, or may &il to activate 
c omplemen t Attenqpts to pnxhice human monockmai antibodies q)ecific for 
antigens of intoest have piovoi to be difBcuk for several reasons, inchidmg the 
lack of good fiision paxtners for human cells» ^hical prcd)lems aft^sociated with 

5 nnmuniziikg human patifgtts to otain lyiiq)bocyteSy as weD as difficulty in 

^ obtaimng human lymiAocyte donors. Because of the difficulties associated with 
obtaining human antibodies spedSc for tihe desired anti^n, it is of interact to 

I provide for "humanized" murine antibody qpedfic for the antigm, Le.» an 
antibody that contains primarily human amim) acid t^^Mpignces and some of tiie 

10 variable r^on sequmce of a convent«)nal murine antibody q>ecific for the cfesiied 
antigen. 

Hum a niz e d antibodies (or more goieially, htminmwrf immum>gk^Iins) 
have at least three pcrtmtial advantages over murine antibodies for use in human 
tfaei!q)y. 

15 B eca us e die constant region portion is human, a hnmamy^ antibody may 

interact bett^ witfi other parts of tire human tminii^ft syston (e.g., de^roy the 
target cells more ^Bdw&y by comptanent dq)endant cytotoxicity or antibody- 
dqpendmt cellular cytotoxidty). 

The human immune sy^m stould tjot recognize die humanized portions of 

20 the humanized immunogtobulin as forogn, and thiai^ne the immuK 

j again^ an injected humamz e d immunoglobulin should be less than the immune 

I response again^ an injected totally murine immunoglobulin. 

bgected murii^ antibodies have been rqKwted to have a halHife in the 
human circulation mudi shorter than the half-life of human axttfixxii^ (Shaw, ^ 

25 Jmmvmh. 138:4534-4538 (1987)). It is posdble diat iryected hnmsinrrP^ 

I iniiniiiK>gk}bDlijis wmhavealBlf lifemc^ 

tims allowing smafler and 1^ ftegnait dcses of fteiapgitic immmto^buliiis to be 

i administ Ked to the body wMi the same or bettg outcome. 

I Numraous attonpts have beoi made to dicumvait the pnAlems assodated 

^0 with administMing non-human monoclonal antibodies to humans by modifying 
non-human antibodies so as to rephce non-human sequotces wifli amino add 
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sequence derived from human antibodies. Several jmblicalions, patents and patent 
ai^lkations disclose hiimanizffri antibodies and methods for tbdr production by 
recOTibinant DNA technology. See for example, European Patojt Application 
EPA-0-239-400, Reoombinam Antibodies and Metlxxls for Thrir Production; PCT 

;5 Application WO89/09622, IL-2 Receptor-Specific ChimHic Antibodies; European 
Patent Application EPA 0-338-745, Method for Producing Recombinant DNA 
Proteins; and European Patent Application EPA 0-332-424, CMnicric Antibodies 
Directed Against Human Caidnoembiyonic Antigen. Typically, murine 
monoclonal antibodies are raised againA an antigen of interest, the 

] 0 immunoglobulin go^ encoding the antibody of interest m then extract^ from 
the bybridoma genome, se que n c ed, and genetically mat ifp iiat gd so as to replace 
non-human constant r^on sequoKss with human con^ant region sequences. 
Such "chimeric" antibodies contain murine variable regions and human constant 
r^ons. 

15 Although others, e.g., Winter in EPA-0-239^, have replaced human 

hypenrariable secpim:es with murine hypervariable sequence specific for an 
antigen of interest in onlcr to obtain humanized "hyperchim^c" antibodies 
q)ecific for an antigen, such teachings provide no expectation of success for 
attCTipts to produce humanized antibodies (or derivatives ttoeof) specific for c- 

ZO erbB-2 or any other givM aiitigra. Antign combining sites have conq>tex 3- 
dirnensional structures that are in part dependant on the priiriary arnino add 

I sequence of the variable region of immunogldjulins. The general procedure and 

1 

I concerns associated with produdng humanized, chimaic aiKi hypocbimeric 

i antibodies can be found in Antibody Enpne^tig, edited by Boneback, W. H. 

25 Ftteman and Co. Publish^. Tims changing several amino adds within ttie 

I variable region of an immunoglobulin would not be expected to have an 

predicate effea on the ^ructure (and consequently on migsn binding properti^) 

j of variable region. 



The subject invention provides for fanmamzed immunoglcAmlin molecules 
< (and derivatives thereof) ^)ecific for c-eifaB-2. Nocldc add seqooices encoding 
I these inummogldmlins, and cdls for tte expression of tte faomanized 
is immunogldiolins are also provided for. 

I Tte ^ject invotion also provide for m^bods of using tte humanized 

j imnmmigldnilins to diagnose and treat cancer. Cdls for tiie production of 

i 

I humanized c-ert>-2 immunoglolmlins ami ja vitro synthesis m^hods for these 

trntrn mnglf feiltng are alSO taugfat. 

I 
I 

10 De^nrif^on of Fignres 

Figure 1 provides tte nucleotide sequence (total 1554 base pairs) ^coding 
a humanized anti-^bB2 specific Fab fragment (SEQ ID:No. 1) d^xved from the 
hyp^vaiiable regions (also rdierred to as onnplem^ataiity ctetramning regions, of 
abbreviated CDR] of murine anti*c-ezbB-2 moiuxdonal antibody 52(0. The 
15 humanized light and heavy chains of the Fab fragmmt have been modified to 
contain an E, coli phoA leiadg sequmce. A plasmid oompnsing the nudec^de 
sequence of Rgure 1 is pLWl 87. The EL coli strain containing pLW187 is 
referred to as TLW170-1 in dus ai^lication. 

Tte sequrace of Hgure 1 (SEQ ID:No. 1) may be divided into the 
20 following sttbsequ^ices: 

1-I43bp phoA promote and lead^ 
j ^ 144-7'^bp HmnaniTed Heavy Osain; 
I 144-233 ERl (human panaitTSYC 1147^8); 

234-248 CDRl (mouse 520C9); 
(25 249-290 FMOnimaiiparaitTSYC 1147-28); 

1 291-342 CDB2 (mouse 520C9); 

343-437 FR3 Qmrnanpaiait TSYC 1147-28); 
438-455 C33R3 (mouse 520C9); 
456^8 FR4 (buman parent TSYC 1147-28); 
30 489-779 Human Heavy Chain Constant Regum 
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780-821KT3 tag; 
822-893bp pfaoA leader. 
894-lS38lq> Hiimanirfxl Light Chain; 

894-966 FRl (human paiait TSYC 1150-38); 
967-998 CDRl (mouse 520C9); 
999-1043 FR2 (human parent TSYC 1150-38); 
1044-1064 CDR2 (mouse 520C9); 
1065-1160 FR3 (human parent TSYC 1150-38); 
1161-1187 CDR3 (mouse 520C9); 
10 1188-1220 PR4 (human parent TSYC 1150-38); 

1221-1538 Human Light Chain Constant Region; 
1539-1554 2ibQl/BaioHI Cloning Sites; 

HguiB 2 represents a gomrail sdieme for humanizing murine moiux;lonal 
antibodies by Gvtdaf^nag PCR. 
15 Figure 3 rqnesents the sctone and PCR piimeis used to pnxhice a 

humanized heavy chain immuno^bulin. 

Figure 4 represents tte sdieme and PCR primers used to produce a 
humanized li^ chain immunogkdnilin. 

Figure 5 rqnesents the schone used to intnxhice a pboA leader sequence 
and promoto- sequoice in front of a humanized immunogldmlin. 

Figure 6 rqnesents the scheme used to correct an unintemicmal sequence 
ertoT made during the production of a humanized light p-Ki^ti* ctetived 
immunoglotmlin made according the scheme described in Kgure 4. 

Eght primos and ftmr tonplates are used in three roumi of overlying 
2S PCR, LWOl is the prima- specifically designed for anq>lifying the 5' end of the 
phoA sequence. LW16 and LW17 is a set of complonentaiy junction primers 
which sit at the end of the phoA leader and the beginning of the coding sequence 
in FRl. TTie template pSYC1087 contains the phoA promter and, when used with 
primers LWOl and LW17, will yield a fragment (1) containing a 5' Hindin site 
and a 3' end bearing sequence for the beginning of PRl. CLC27 is a primer 



20 



30 
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whidi anneals to the end of FR2 and part of CDS2. PGR using LW16 and 
CIjC27, with ttie tratplate '08*ir win ic^ in a pxodoct (U) containing conect 
FRl, CDRl, FR2 and CDS2. Compicmmtarity of LW16 and LW17 aDow 
annealing of fragments land n in a second round of PGR, produdi^ fitagmoit 
15 (V). 

CIjC26 is a primer whicfa contains CDRl and partial FR2 sequence hat 
does not reach amiiK) add #43. CIjC29 is complementary to CLC30 and anneals 
toER4as weU as the beginning of tlie human Ug^ chain constant region^ PGR 
with ajC26 and CIjC29, using tractate 'SS-IS" yidds a product (^J) containing 

10 conect CDSI, incorrect FR-2 containing alanii^ at amino add #43, and conect 
CDS2, PR3, CDR3, and FR4. Siiure "38-18" has an iiK^onect constat i^on, 
"38-17" is used as template for primw (XC30 and LW20. Tins fourth PGR 
product ((V) contains conect CDR3, FR4, and human light chain constant region. 
Con^lemCTtarity of GLC29 and CLG30 at CDR3 allow fragmrats III and IV to 

.5 ani^ for the second round of ov^lap PGR, producing fragmrat VI. 

PGR fiagmots V and VI are comploxentary at ftamewoik 2 cxccg^ at 
amino add residue #43, where m fragment V the residue is tfareomne (AGG) and 
where in fragment VI, the residiK is alanine (OCQ. Annealing of tfxese two 
fragmraits during the final round of PGR will yidd products which due to the 

20 differing nature of its t^nplates, will bear amino add alanine or threonine at 
residue 43. 

PescriptiQTi Spfifffic Efi 

A. Drfimtiops 

An immunc^lobulin molecule nu^ be divuied into sev»al regions. An 

i 

25 immunoglcd>ulin molecule may comprise oi» or more polypqitide diains, i.e. a 
multi-polypeptide immunoglobulin. IgG, for example^ omsi^ of 2 heavy (H) 
chains and 2 light (L) chains. An immunoglobulin chain typically ccmiprises 
variable r^jons arid constam r^ions; the H dmin of IgG cbntaii^ 
region and one constant r^ion, each constant region has a different sequence, and 

30 the CL) diain has one variable and one constant r^ion. Hie constant region of an 
H diain can be further subdivided into 3 domains, each of which forms a sefmate 



wo 93/21319 



PCr/US93/03080 



7 



compact tigfaay folded 3 dimeosional onit. The L and H variable i^kms are 
siinilarty folded into sqjaiate compact units. The variable region of an 
immunoglobulin chain (H and L) may be farther divided into three hypervariable 
regions (also called cranplenMotarity determining regions, abbreviated CDR) and 
four framework legions (aUneviated FR). Tl» fiamewoik regions sqarate the 
hypervariable regions from each other in the linear amino ac^ seqneiKe. 
Compared to the hypervariable or CDR regions, the frameworiE regions comprise 
amino acids that do not vary as much between immunoglobniins pioduced by the 
same organism and are leascmably fbced in 3-dimeasional qiace. Framework 
region amino acids sequences may exhibit more variation within an organism than 
constant region amino add sequences. Hypervariable regions, on the odier hand, 
vary to a much greater extent between individual immunoglobulin molecules 
produced by the same organism, and are less well fixed in 3-dimensional space. 
ITie hypervariable regions are beUevcd to form a m^ part of the antigen binding 
15 site of an antibody. TTie fiameworic r^ns of die immunogWwlins are believed 
to form two opposing beta-bleated sheets, which are the basic stnictural eJement of 
the domain. Tbese strands of the beta sheet are connected by loops of polypeptide 
chain which are thought to contam the hypervariable regions of the variable region 
of an immunoglobulin. Interactions between certain framework and CDR residues 
20 may influence the folding of the protein, particulariy the hypervariable loops, and 
affect the ability of the antigen binding site to recognize antigat 

Constant regions of an immunoglobulin are located distal or C-teiminal to 
the variable region. Constant regions may be of a light chain class indnding 
kai^ and lambda chain constant regions (and die various subdasses thereof) , or 
2|5 may be of a heavy chain dassinduding the heavy chain constam regions of IgG, 
IgM, IgA, IgD, and IgE antibodies (and the varkHis subclasses d^eof). 

"Opeiably joined" refers to a juxtaposition such that nonnal function of tiie 
components can be performed. Thus, a coding sequence "opeiably joined" to 
expression control sequences refras to a configuration whoein the coding 
sequences can be expressed under the control of tiiese sequences. Suchcontn)] 
may be direct, that is, a single gene associated with a single promoter, or indirect, 



30 
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as in the case wfaeie a polydstiDiiic tiasscrqst is expressed from a singte piomoter. 

"Control sequence" and "expression control sequqro" reiex to a DNA 
sequence or sequences necessary for the eaqixession or legulation (transaq>tional 
or tramlatifmal) of an cpcxably j(mcd coding sequoice in a paiticular turn 
oiganism. TI^ control seqi^oces, that aie mutable for procaryt^, for example, 
include a proau3ter» qjtionally an cpentor sequence, a ribosome bixkling site, a 
uanscrqytion traminator^ ami poss&le c^h^ as y^ poorly umierstood sequeiu:es. 
Eucarymic cells axe known to utilize control sequences, whidi indude pnmiotms, 
polyadenylatbn signals, oihancc^, siloK^ers, and the like. 
10 The term "fumrtional pair" whesn used wiA rdferau:e to variable r^ons 

(humanized or otherwise) intsids a s^ of 2 variabb litems (pw dmved from the 
L diain and ox^ from the H diain) that fonn an antigm combining site in an 
antibody. FuncticHial pairs of vaiiabte unions spedfic for an antigm of int^est 
may be found in the variable region from tte heavy chain and the variable region 
15 from tlie li^ chain of an antibody spedfic for the antigen of int^est. Bxanq)les 
of fumrtional pairs of variable regions iiu:Iude the polypqitid^ oicoded by 
nucleoticfes 144-488 and nucleotides 894-1220 of Figure 1 (SEQ ID:N01). 

The term "fui^donal proximity" wbra used.widi reference to variable 
regions (humanized or otl^wise) intends that the functional pair of L and H 
20 variable r^ons be ^latially located with respect to each c^h^ so as to fonn an 
antigra combining site. 

Tte textns "heavy diain-derived" and "light chain-derived" whra q^lied 
to immuiK>^obulins of the sub^ invration indicate that tte variable region 
hypervariable sequences in the spedfied polypej^icte are presrat on ^her tte 
25 heavy chain or the light cteun, respectivdy, of the antibody firom wiudi the 
hyp^variable sequences of intranest were originally disravered. 

The temi "humanized" as uppHsd to immunogldmlins intrads that at least a 
poition of the framewoik i^ions of an immunoglotmlin are d^ived from imman 
immunogk^mlin sequoices. 
30 Wh^ sequences are said to be "human", all human alleles for the gtvra 

sequence, in addition to the sequ^ice q)ecifically exCT^lifled, are induded. 
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Moxtover, the subject invention contemplates that minor amino acid sequence 
changes, including substitutions, (teletions, and ins^ons, typically in the range of 
about 1 to S amino adds, may be made to hnmaniyftrf immunogiobuiins specific 
for c-eibE-2 without ngniiicantly altering the binding specificity of the 
5 immunoglolRiIin. 

Whfflii a functi<mal pair of variable regions arc "q)ecific* for a given 
antigen (or hapten), the antigen combining site fonned by the fimctionai lair is 
capable of binding to the antigen (or hapten) of interest more strongly than to 
ramknnly selected motocules. 



30 



The subject invention provides for immuiK>gk4nilin molecules with variable 
regions comprising tte hypervariable r^ons of the anti-c-eihB-2 S9)ecific 
antibodies (in particular the murine mcmoclonal antibody 520C9), human 
framewoik regions, and human conaant region sequences. In addition to 
providing for humaniz ed c-eibB-2-spediic immunoglc^Iin molecules, the subject 
invention also includes nucleic acid sequraces emxxling the humflniy^ 
immunoglobulins, as well as cell toa systems for the expression of humanized 
immunoglobulins. 

Hu m a n ized immunogk^ulins specific for antigens of int^e^ may be 
obtaircd by prqjaring non-human, piefwably murine, momxrlonal antibodies 
agamst an antigm of interest, determining the amim) add sequeiK:e of tte non- 
human antibody, prrfwably by isolatmg (by any of a vari^ of wdl known gene 
isolation techniques, iiududing PGR) axui sequradng cDNA sequaices racoding 
the chains of the non4mman monoclonal antibody of interest. Hie amino add 
sequOTce of tiie hyp^variable r^ons of the non-human monodonal antibody may 
tha be compared with canonical ftamewoik region sequMces and hypwvariable 
region amim) add sequoKres of human immuiK>globulin variable regions so as to 
determine which amino adds must be changed to humanize the nra-human 
sequrace. Guidance for selecting the framework sequm:es and hypervariable 
sequences witfiin the variable region of an immunoglobulin can be found in several 
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publicatioDS, including the article by Cturthia, ^ aL Nature 342:878-879 (1989) 
and the book Amibodv Bngjpeering: A Practical Guide. Bonebaeck ed. , W. H. 
Freeman and Co. publisher. By d^eimining which sequences in the non-human 
inmumo^k^Iin grae spedfic for the antigra of interest constitute framework 

is r^iiMis and which con^itute hypervariable regions, it becomes possible to 

synthesize a variety of humamrad iniimmf> glnh^fiti!y having an antig en q)ecificity 
similar to that of the non-human immiinnglnh iiiinthflt serves as die information 

I source for the sequence r^icms. 

Humanized variabte regions spedfic for c-erbB-2 may be joined to a human 

10 constant region(s), or portions theroof. Joining of a inimanfyprf variable ri^ion to 
a constant region gives rise to a polypeptide in whidi the amino-terminal portion 
comprises the faumaiuzed variable r^ion and the cariraxyl-taminal portion 
comprises human constant region sequence. Such constriicts may be referred to as 
"bypercfaimeric''. Humanized li^t chain^ierived variable regions may be 

I S operably joined to light chain constant regions so as to form fimctional 

inunuiK)glotnilin chains. Similarly, humanized heavy chairwferived variable 
regions may be qperably joii^ to heavy chain constant regions so as to form 
functional iirununoglotmlin molecules. In a prefi^red embodiments of the 
invention humanized ligjtt chain-derived variable region is op^ably joimi to 

20 human light chain constant region, and taumanized heavy chain-derived variable 

; region is apmbly joined to a human heavy diain con^ant region(s). 

In addition to providing for hnmaniyffrf immunoglotmlins specific for c* 
erbB-2, the subject invration also provicfes for varicms polype]^ides (ami 
correqxmding nucleic add sequ^ces) comprising portions of (>erbB-2 ^lecific 

25 humanized inmiunogiobulins, in particular the variable region portion of the 
h umaniz e d immuno^obuUn. Furthermore, the subject invotion provides for 
various derivative of c-erbB-2 spedfic immunoglobulin rhnfru^ that comprise 
additional polypeptide secpi^u:es. These additional polypqitide sequnces may 

j have any of a variety of fimcfions induding, M^mes, toxins, antigenic tagging 

i 

30 sequ^ices, and tte like. 

Many modifications and variations of humanT7ed variable region sequences 
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within the presaat demrastrative nucleic acid sequoce of Hgure 1 <SEQ ID: NO 
1) aie possible. For example, the d^en^acy of the gomic code allows for the 
substitution of nucleotides (which can be used or opdxsmod in accordance with 
codon usage patterns for expression in various host cells) throughout the 
5 polypqjtide coding tc^dds, as well as for the substitution of the translational stop 

i 

signal q)eciiically exempliiied. Such sequmres can be deduced from the kwfvm 
ammo acid or DNA sequcmx of the S20C9 antibody chains (aiui the constant 
regions or antibodies of differ^ classy) and can be constructed by ccm vmtional 
synthetic procecbires. Such synttetic methods can be carried out in qihgrantiai 

10 accordance with the procedures of Itakura. al.. 1977 Science 198:1056, Crea, 
et al. Proc. Nat. Acad, Sci. U,SA I'j-siM nQ7«) In addition, synthetic genes 
(and fragments thereof) and linkers can be synttesiz^ eith^ by using a Systec 
145{Ja DNA synthesizer (Sy^, Inc., 3816 Chandler Drive, Minneapolis, 
Minnesota) or an ^lied Biosystems 380a DNA synthesize (^^lied Biosystrais, 

15 Inc. 850 Lincohi Center Drive, Foster City, California 94404). Many other DNA 
synthesizing instiumats are ktKywn in tlie axt and can be used to make synth^c 
DNA fragments. Tterrfore, tibe present invention is no way limited to the DNA 
sequences q)ecifically «enq}iified. 

A preferred method of synthesizing nucleic acid sequence rauxxling 

20 humanized immunogtolnilins is by means of ovwiaiq)ing PGR. The technique of 
overiapping PGR is described in the article by Horton, a ^, Gene 77:61-68 
(1989) and in U.S. Patent No. 5,023,171. The technique of overiapping PCR may 
be used to produce a humanized immunoglobulin by performing oveii^ing PCR 
on cDNA sequ^K^e from a human imnmnoglobulin gcM with the appn^iiate 

25 oligonucleotide prin^rs. 

In brief, tite techzuque of PCR q)licing by overisq) ext^ision is as follows. 
PCR oligonucleotide primer pairs are prepared. Each oligonucleotide primer 
comprises essoitially two r^ions, a 5' region containing either sequeiKes 

I encoding a restriction radonuclease recognition site or a portion of 

30 complementarity (tetermining r^on (CDR) from a non-human immunoglobulin 
gene of interc^ and a 3' r^on complementary to a framework r^on adjacent to 
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the complanentarity d^enxdmng i^icm to whidi the S* portion of the piimer is 
complementary. Sets of such PGR primers are prepared for each framework 
r^on of the hnmfln immuQQglobiiliii gene that will furnish the juiman sequences 
for humanizing the non-human inminnogidmlin goe of Imer cst. The primers are 
constructed so that S' and 3' regions that code within the same CDR region are 
overlapping. An advantage of using ovedaiqung PGR to synthesize a nucleic acid 
sequence emxKiing a humanized noiHhuman immunoglotmlin <ytfpirmT is in the 
minimization of restriction digest/ligadon reactions and oligonucleolide syntliesis 
reactions. The 5* CDR comptenoitary r^kms of tbt PCR primers are 
complementary to the CDR complanmiary r^kms of PGR primers tliai have 3' 
regions complementary to ac^acent framework r^ions. As indicated in Figure 2, 
repealed rounds of PCR give rise to a nucldc add sequrace comprisiag the parrat 
human immunoglobulin sequemre in all regions «ccc{^ for the con^lementarity 
determining r^ions, these regums being (^ved finom the conq)lementary 
determining r^iions of non-human immunoglobulin genes syitthesiang an 
immuno^obulin specific for ti^ antigen of intenst Kiwever, small portions of 
murine framework secpience (particularly tlie cancnucal lesidttes (tesoibed by 
Chothia, et al.) may be required in ord^ to g^^rate an active antigen combirnng 
site. 

The humani/fid immunoglobulins chains of the subject invention are 
pr^^ably utilized in the form of multi-polypq^tide immunogtolmlins conqirising at 
least one humanized immunogiobulin variable r^ion fancrin nai pair. In muM- 
polypeptide tmrnaniTapri immunoglcdnilins comprising variable region functional 
pairs, the variable r^ons of die functional are preferably localized in sjoce 
(the pair m^bers are in fimcdonal proximity to eadi oti^) so as to form an 
antigra combining site in which the anti^ binding site is, at lea^ in part, formed 
by the hypervariable regions of both the light chain-derived arul heavy doain- 
derived hypervariable r^ns of 520C9 or odx^ c-«hB-2 ^)edfic antibodies. 
However, Ihe H chain variable r^ion oftai contributes more that the L chain 
variable region in tiie interaction with antig^ 

Single hu maniz e d immunoglobulin chains may be joined to each other so as 
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to form multi-polypq^de immunoglobulins by a variety of means. Such joining 
means include both ionic interactions ami covalent bonds. The means of joining 
individual inmmnc^crtNiUn chains so as to form a muIti-polypq)Cide 
immunogldralin are piefmbly, although not necessarily, by means of covalmt 

; S linkage. Tte piefiened means of covalent linkage is by means of disulfide bridges 
between cysteine residues located within the humanized immunoglobulin chains of 

! interest; however, covalent linkage may also be effected through the use of cross- 
linking reagents aicb as dimethyl-3,3*dithi(4>i^ropionimidate, N-(4^azi(k^hrayl) 
phtbalamide, and tte like. Humanized inmiunoglobulin chains may be ^ined so as 

10 to produce muM-polypeptide immunogkdiulins molecules structurally analogous to 
antibodies or fragments ttereof, including Fab ftagments. Fab' fragments, F(ab')2 
fragmrats, Fabc fragmrats, Fd fragments, Fr fragmmts, Fv fragments, single 
chain Fv fragments, and the like. The available litoaturc pTovi<tes for methods 
for producing antibodies and fiaginrats th^eof from polypq^ides synthesized by 

IS recombinant DNA and in vitro syntl^is techniques. 

The humanized inununoglobulins of the object invration may be 
conjugated to a variety of thOTpaitic moieties. By thaiqwitic moires it is 
intended a vari^ of compcnimls or atoms that find use in the treatment or 
detection of disease comlitions. Ccmipouiuls that find use in treating disease 

20 conditions include toxins (or active portions tiraeof) aich as diphtteria toxin, 
ricin, or fts^^pmCTias exotoxin, enzymes, conventional drugs and pnximgs. In 
gei^nd, the faumanized immunoglobulins of the object invention may be 
derivatized by kiK)wn method for conjugating theraq^eutic monies to antibodies so 
as to produce highly specific drugs or imaging agraits. Other ttoapwtic moieties 

25 of intOTSt for conjugation to tte humanized immunoglcrtmlins of tiie aibject 

invCTtion include radio-qiaque imaging agaits. TheiapCTtic moieti^ also include 
radionuclides for use in imaging or in irradiating tisme, such as ***Re, *"Re, 
"Cu, "»At, 2»^i, "I, and ttie like. 
: Humanized immunoglcAnilin sequraces may be modified by tte addition of 

j 30 a variety of a secretion signal sequences preferable joined to the amino tenninus of 
the hum a ni zed immunoglobulin polypqjtide. Secretion signal sequences (also 
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itfmcd to as ''signal sequfflces") serve to provide a signal to ttie seoetion 
"madrinay" of a cell to expoit polypeptides beanng such a sequence. The use of 
signal seq u ences to direct the cellular localization and/or expoit of polypq^ides 
not naturally joined to the signal sequence, i.e., b^miogous widi t^pect to the 
Is signal sequence, is well known in die field of recombinant g«e oqnession. Thus 
signal sequences may be used to sisq)lify the process of punficadon of the subjects 
polypefttides from recombinant cell esqnessicm systems for several reasons, 
inchiding obviating the Med to lyse host cells and tbt need to produce subcellular 
firactions CTiiched for the polypq}tide of int^e^ Leato- sequCTces typically 
10 comprise a charged amino add at tte N-tCTunus followed by a short hydrophobic 
amino add sequences. Leader sequences may be selected on ttie basis of the 
cellular e?qnession system used to synttesize the humanized immunoglobulin 
poiypqptide. Signal sequraces are preferably selected so as to be removed dther 
coinpl^ely or substantially ftoax die immanized immunogldnilin s^ypypnc^ of 
I S inteiesL The actual leader sequences employed win vary in accordance with the 
dioice of cellular expression systrai selected. Aldiough leacfer sequences are 
known to direc t the localization of prc^cins in hetmlc^ous esq^ression sy^ems, 
i.e., host cells not naturally prochidng the protein that is the source of die signal 
sequence, it is preferable to use lead^ sequences from polypqjtide naturally 
20 expressed in the ceUnlar ejqnession bosL Whra expre^ng humardzed 
\ immunogldnilins in bact(^ syst^, aHioA. Le., alkaline phosphatase, signal 
sequace is pr^erably used for ^qne^ion in fioli. Odie^ 
signal sequences of intrarat include those finom die ompA and pelB genes. For 
i expression in mammalian ceils, tiie use of an immunoglotKilin lead^ sequence is 
25 prefened. For expression in yeast nils, an al^ha &ctoiieader sequence, among 
others, may be used as a signal sequ&ice. 

Hie humanized immunoglobulins of die subject invmtion may or may iK3t 
I contain "tag" amino add sequaices. Such "tag" sequences are short amino acid 
I sequsice, normally no more than 20 amino adds in length, prrfierable less than 15 
30 amino adds in length. Tag sequences may be included in the amino add sequence 
of die subject humanized immunoglobulins for the purpose of purifying, detecting 
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(or quantifying) the polypqmdes of the subject invention by use of antibodies, 
including monoctonai antibodies, (or similar reagents) csqiable of spedfically 
binding to the tag sequence. Tag sequMccs witijout attached inununogkrtnilin 
amino add scqpsoce& may be synthesized is vitro using various weU-kmwn 

i 5 techniques, induding commciciaUy available polypqrtide symhesis machines. The 
m 3dlm syntiiesized tag sequences may tiien be injected into suitable animals so as 
to induce an immune leqxmse directed to die tag sequcMc. Antibodies specific 
for a tag sequence of intexeft may also be prq»red by iTnTmimrifig an animal with 
a protein having a primary amino add sequence that inchides the tag secpience of 

10 interest. Tag sequences arc piefwably attached at or Mar the COOH tenninal end 
of immuTOglolmlin moteailes. A tag scqumce of partiodar interest is a seqiraice 
recognized by the KT3 monoclonal antibody. An amino add sequaice recognized 
by KT3 is TPPPEPET. Anotter example of a tag sequrace that may be inserted 
at tiw carboxy terminal (or internally as well) of an immunoglolmlin sequeiKre is 

15 the sequence EEEBYMPME. (Gnissenmeyer. et al., Proc, Natl. Anad RrA usA 
82, 7952-54 (1982)). 

The humani/ e d immunoglobulins of the subject invration may be expressed 
in cellular hosts after die sequences encoding the humanized immunoglobulins 
have been opraably joined to expression control sequences. Nucleotide sequMces 

20 for ^ression may be convraienfly qporably joined to cxpr^on control 

sequraces by insertion into restriction sites in expression vectors. Ejqnession 
vectors may contain expresaon control sequences located near u^Ril restriction 
sites, and arc typically replaceable in tte bosi organism dthCT as extra 
diromosomal elonoits, sudi as plasmids, or as an int^ral part of the host 

25 chromosomal DNA. Baqnession vectors may comain selectable maikere, such as 
antibiotic resistance, to pomit detectil^ of those cells transfonned with the 
nucleotide sequences of intraest, see for example U.S. Patent No. 4,794,362, 

j which is heron incorporated by niaaK». 

j The polypqjtides of the subject invention may be ejqnessed in a variety of 

30 ceU types. The literature available to those sldlled m the ait describe numerous 
ceUular expression systems for polypeptides of interea and expression vectors for 
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use in those systems. See for example Methods of Eigvmolnyv Vol l RS 
Goeddd, A cademi c Press (1990). Humanized imfflimogl(4>ulins may be recov^ed 
and {Hnified from recombinant host cells using coovoitional ti*rhmq iiP^ for 
recovery and purification of recombinantiy produced pxoteins. 
5 Nucleotide sequences oKxxling humanized inmmnoglobulins may be 

I ejqjiBSsed in a vari^ of cells. Cells for expression may be ei&er «ikaiyotic or 
prokaiyotic. Pndoiycrtic ho^ of intBtest indmle l^ibs qiI]^, as wdi as 
otter adaobactniaceae, sudi as g. zHi, as wdl as various Streptomyces . 

SahapngPa. and Psaidomonas species. Among pioifaiyotic host cells 

10 ^)ecies.£.£Ql| is paiticuladypidBHied because of tfae great deal av^^ 
litraatuie dealing with esqne^ion in £. coli . 

OtliM- microbial organisms, such as yeast, may be used for ejqiression of 
the subject humanized immunoglobulins. Saccharomvces ^nss^ is a preferred 
non-bacteiial micndiial exprcssioo host. 

p Ofber non-mammalian eukaryotic egression host cdls of interest indude 

insect cells that may be used with bacculoviius ejqiression systons. 

Ib addition to tte use of microbial, and invratdnate cdls, fnammaHaT. cells 
grown m tissue culture may also be used to produce Ae polypqrtides of the 
present invCTtion. The polypqrtides of the present invention may be eaqwessed in 

20 any mammalian cell Systran that may be used to express immuim^)lHilin 

polypqrtides. Bikaryotic celb arc prrfocml cellular ho^ for the explosion of 

] subjert polypqjtides as opposed to non-mammalian cdls, because of numerous 

j advantages associafe d with using mammaiiafi cdls, sudi advantages iiudude 
suitable signal-sequence processing, glycosylation, secr^ira maudiinery ami the 

?5 production of fimctional fuU-lKigft immunt^obuKns. Mammalian cdls for use as 

j sqnB^ion ho^ indude CHOcdlliiffis, various COS cdl Kms, Hd-a cdls, 
SP2/0 and tfie like. 

Host cdls for die ejqnession of tiie polypqjtides of the presoit invention 
may be gen«ically manipnlatpd so as to produce oi», or more humanized 
;10 immunoglobulins. When two humanized immunoglobulin chains are produced by 
the same cdl line, it is of interest to produce a first immunoglobulin chain laving 
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a hiimaniTed variable region that comprisiDg one memba* of tbe fuiu:donal pair of 
variable regions specific for c-eibB*2 and a second immuiK>globuIin chain 
comprising the c^l^ member of the same functional pair of variable n^ons for c- 
eihB-2. Thus, by producing cells genetically maiiTpiiatftri so as to express two 

5 such humanized immunoglc^Tulins chains, muM-polypeptide immum^lolmlins 
comprising a functional c-erbB-2 antigen binding site may be produced dther m. 
vivo , or in tte supematants of cell cultures. 

In addition to tbe pnxhrction of humanized immuiK>gl(4mlins by 
recombinant methods, automated equipmoit for the direct synthesis of polypeptides 

10 disclosed herein is commercially available. Such equipmmt provides access to 
pqjtides of the invration, either by direct synttesis or by synthesis of a series of 
fragments that can be celled using otfa^ known techniques. 

The humanized immunogl(^lins of the subject invration and 
pharmaceutical compositions tl^reof are paitiailariy us^iil for parenteral 

IS administration, e.g., subcutaneously intiamusculariy or intiavemmsly. Tbe 

compositions for parenteral administration will typically conqmse a solution of the 
humanized immunoglobulin dissolved in a physiologically acceptable carrier, 
prrferably an aqueous carrier. A variety of aqi^ous carriers can be used, e.g., 
water, tmffered water, physiological saline, 0.3% glycine, aiKi the like. Solutions 

20 for parenteral administration are prrferably st^ile and g^i^ally ftee of partioilate 
matter. Compositions for par^titeral administration may be lyopUlized for 
convmient storage and rehydrated prior to use. Tbese compcmtions for parmteral 
administration may be stmlized by oonvrational sterilization techniques. Tbe 
compositions may contain phaxma^itically acceptable auxiHaiy mbstances as 

25 required to s^iproximate physiological ccmditions sudi as pH adjusting and 
buffering ag^ts, toxicity adjusting agoits and the like, for example sodium 
a c eta t e, sodium chloride, potassium chloride, calcium chloride, sodium lactate and 
the like. The cono^itration of humanized immunc^obulin in these formulations 
can vary widely, i.e., from less than about 0.5%, but usually at or at least about 

30 1 % to as much as 15% or 20% by weight and maybe selected primarily based on 
fluid volumes, viscosides.etc., in accordance with the paitioilar mode of 
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administiation selected. 

The mvoition having been described, the following exanq>les are offi^ed 
to iDustiate the subject invmtu}n by way of iUnstration, not by way of limitation. 

Example 1 

Overview of Production of Nncleic Acid Seouences Encodinp 
HumaniTed Tmnronoglobnlins 

In overlap extension, PGR is peifimned with primers that have 
complementary 5' ends so diat products from a fiist ipond of leacticms can be 
mixed, mdted, and reannealed to provide a tenq»late for tte synthesis of longer 
10 extension products in a second icnmd reaction. To hiitnafiiTO Use muiine antibody 
of int^:est, primers wto designed whose 3* mds anneal to human frameworks, 
and whose 5' rads eithw contain cloning sites, or encode murine 520C9 CDR's. 
A gmml scheme for immaniring an antibody is shown in Figure 2. The first 
nmdof PGR utilizes DN A tenqilate from the selected human pairatTS^ 1147- 
15 28 or TYSC 1150-38 and results in four incfividual fiagmats, each containing 
dther hmnan FRl, bunian Ft(2, human FR3 or human FR4, flanked by cloning 
sites and/or CDR's. Tte ER4 fragment is large because it also contains tite first 
Chi domain of the human constant region . The i^xt round of PGR involves 
annealing CDRl arms on fir^ round pnxfiicts " A" and '^"^ and re^ts in a longer 
20 ftagmCTt. "E", which consists of, in the 5' to 3' direction: a cloning site, human 
FRl, mouse CDRl, humanR2, arid a primer gaieratedCDR2aitrL The other 
round two reaction anneals mcmse CDR3 anns on first round products "C° and 
"D", and procbices a fcagm^rontaining human FR3, FR4 and con^ant legkms. 
lliis second round product, "F*, is flanked at its 5' end by mouse CDR2, and on 
25 the 3' ^ by another cloning site. The final round of PCR anneals the 
1 complementary CDR2 ends in fragmrats "E" and T" and creates tiie con5)l^ 
I humanized *G* ftagmrat. 

I The "Q" ftagmrat is placed into an expression vector. Heavy and light 

chain "G" fiagmaits und^o sqmate reariction dige^ for ligation into thdr own 
30 pUC vectors and are transformed into 1. ^ host DGIOL Transformants are 



wo 93/21319 



PCT/US93/03080 



19 

screened for tbe presence of insert, and DNA from several potential candidates is 
sequenced. Clones with the conect sequence undergo another round of PGR with 
primers designed for incorporation of a phoA promotor/leader sequence in front of 
the antibody coding sequence (See Figure 5). Tte PCR product containing phoA- 
5 antibody sequem:e is digested and cloned into a pBR322 based vector and 

transformed into £. adl host MM294. Tiansformants are serened, and pc^entiai 
candidates are identified and sequenced Clones bearing the correct lyF^igncfi of 
each chain are induced for expression on the frntadve humaniml imnmnoglobulin 
and ctecked for expression by Westm analysis. Tte final ccmstma to produce a 
10 humanized Fab fragmrat is made by combining the light chain coding secpience 
with the heavy chain coding sctpicnce. This last process involves a PGR siep and 
a restiiction/ligation stq>. 

Selection of Human Parent PramewoTir 
15 Human frameworks, or "parents', were chosen by a TFASTA" computer 

alignment which generated the ten best fits with human immunoglobulin sequences 
in the searched database. Tbe selection was based on overall sfaaiilarity of amino 
acid residues b^een the human and the original mouse 52QC9 sequaice. TTie 
I human sequnce database was produced by cloning approximately 100 heavy and 
[20 light chains of mununoglolmlin genes from EBV transformed human cells, and 
I subsequmtly sequoicing tte cloi«i genes. In addition. b(^ L and H chain 
i variable regions wctb sequ»ced ftom cDNA copied ftxrai human per^heral blood 
I cells using primOT that wot designed for PCR amplification of tfie V rebvions 
I into tte ac^acent constant ckMnain these sequ«K«s and ccmqjared with tte mouse 
|25 variable regions that wot to te hypodiimerized. 

Tte chosm human framework musL not interfere with tte presentation of 
i the mouse CDRs to tte target antigm. Chothia, a Nature 342:877-883 (1989) 
hypodxesized that a small rq)ertoire of "canonical" ccmfonnations of hypavariable 
regions exia and the structure of a givra CDR is strongly influenced by a few 
jso amino add residues at key positions. Such canonical residues are found in CDR 
I and PR regions. Tte human frameworks selected for each chain have canonical 
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residues similar to that of the mouse antibody. 

According to the tiieory of Cbothia, st Mm ^ heavy chain canonical 
residues of special inxportance aic amino adds #26, 27, 29, 34, 55 j bM 94. In 
tte mouse S20C9 heavy cfaain^ these residues are, in otder, Gly, Tyr, Fhe, Met, 
^ Gly, andAig. In the best fitting human heavy chain paient, TSYCl 147-28, aU 
canonical residues match exce{^ which is an isotaidK mstead of a 
methionine. No otii^ human parent withm th& top five seJec^ for ovmll 
sequence similarity matched brtter than TSYCI147-28. Thus, TSYC1147-28 was 
ctK>sen as the human heavy chain fian^ork parent for gndting with mouse heavy 
10 chain CDR's. 

Light chain caiKmicaL resdues of special inqxntaiTO are amino adds #2, 
25, 29, 33, 48, 64, 71, 90, and #9S. In ttie mouse 520C9 light diain, the residues 
are, in order, He, Ala, lie, L«x, He, Gly, Tyr, Ghi, and Pro. Jn the best fitting 
light dmin human parent, TSYCl 150-38, dght of mne residues matdi. Only 
15 residue number 71, where phraylalanine replaces tynmne, does not match. The 
second best fitting light chain human pateit, TSYC1150k)8, matches at only six of 
the nine canonical residues. Amino add #29 is leudne mstead of isoleudi^; #71 
is phenylalanine in^ead to tyrosme; and #95 is {dienylalamne instead of prolir^. 
Two human light chain fiameworks, TSYCI150-38, ami -08, w«e chosen for 
20 grafidng of mouse light chain CDR*s. Ounanization of tight chain has bera 
completed with only TSYCI150-38 as parent. 

Bamplg? 

PesiEU of Primen far Framework Grafting bv Overfammig PCR 
The esqpected sequ^ices for t^vy and li^ chain, from humanization of 
215 mouse 520C9 CDR's with human par^ frameworks, is giv» in figure L Hght 
primers for each chain ww designed based on the schme presoted in figure 4. 
Each prim^ contains two regions, one bearing sequence whidi aimeals to human 
fiamework, and the other eith^ containing a cloning site or bearing sequCTce 
which racodes for a mouse CDR. Half of tiie primra are iq>stream (located at the 
30 5' end of the reaction) prim^ and the otto^ half, downstream (located at tte 3' 



wo 93/21319 



PCr/US93/03080 



.21 



emi of the reactkm) primers. Bach POl reactira requires one upstream (f^ 

and one downstream (back) primer. A short explanation of each primer follows 

(The abbreviations HC and LC refer to heavy chain and light chain. lespeoively): 

CIjC17(HC) or CLC24(IjC): (upstream) 

5' end contains cloning sites 2flK}I(HQ or SacI(LC); 
3* emi animals to FRl. 

CLC18(HC) or CLC25(IjC):(downstream) 
3* end anneals to FRl; 
5' end mxxks for CDRl. 

CLC19(HC) or CLC26(LC):upstieam 
S' end eiK^ies for CDRl. 
3' end anmals to FR2. 

CLC20(HC) or CLC27(LC): (downstream) 
3* end anz^als to FR2; 
S' eml racocfes for CDRl. 

CLC21(HC) or CLC28(LC): (upstream) 
S' end QKxxies for CDR2; 
3' end anneals to FR3. 

CLC22(HC) or CXC29(LC): (downstream) 
iO 3' end anneals to FR3; 

5' «id encodes for CDR3. 

CLC23(HC) or CLC30(LC): (upstream) 
5' end encodes for (3DR3; 
3; end anneals to FR4, for extension thitm^ human constant 

25 region. 

SYP12(HC) or SYC324(LC);(downstream) 

3' eml animals tottewrfoftteHCorLC 
constant region. 

I 5' end contains ckming sit^ §E6l(HC) or 2^(LC) 

The heavy and Ught chain "G" fragments were digested with restriction 
enzymes in sqaiate reactions and cloned into tkdr own pUC vectors, ligations 
were then transformed into DGlOl host Potential clones were identified by 
colony fCR or by miniprq> analysis and were sequraced. The conectly 
humanized heavy chain in pUC was found in clone TCC19-4 



30 
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Example 4 

Design of Primers for phoA Ineorpcmrinp 5^ to the H omairized He avy q^ir^ 

Fcnirprim^ WtoZ, as shown in figure 5, are needed for the ov^lap 

extension PCR that incorporates phoA piomotor and leaifer sffqwftncgs in front of 

immmtogk^Rilin coding scqiiences. Each prirn^ in tte figure is ^tiiOT's sfid below: 

Pnmer W anneals to a portion of tte plasmid pSYC1087 ahead of a region 

encoding for the phoA promote and leader sequence. The primer can be divided 

into two parts. One part anneals to pBR seqimice, the plasmid backbone, and the 

otter anneals to restricticm sites whidi precede phoA sequences in pSYC 1087. 

10 W: (HCorLC) 

LWOl: 5^"<3GGG ATCGAT MGCTT GGG CTQCAQ C?rCGAC 
pBS322 sequmce Qindm SaH 

Primers X and Y together create an in-firame junction betwera the end of 
the phoA leadCT ami the sequrace encoding human amino add #1 in the antibody. 
15 These primar sets are q)ecific for each antibody. They arc often modiffcd to 
encode for amino adds that are missing from the human paioit se(pifflK:es. For 
©cample, immedialdy following, i.e. 3' to, the phoA seqpraKes, tite primes for 
the humanized 520C9 heavy djain junction region encocte for tf^ first six human 
consensus amino adds found in Rabat, ct al. , Sequences of pTtteins nf 
2iO immunological interest 4th erf, TT 5; TVy mrg (lOgT) It is necessary to sqTpiy 
these amino adds because the human library was created by primm whidi start at 
amino add #7 of the heavy chain. 

Y: (HQ 

: LW13; r _ I GAG ATCCAACTGGTOGAG I TCTCKIGCCTGAG 

25 GTU 

LW14: GGA CAC TGT TTT CGG | CTC TAC CTT GAC CAC CTC I ^5' 

X: (HQ 

end of pioA leader lat nx ctmaemos iuunan stut of FRl m 

HC &JL fixan Kibat TSYC 1147-2S 

30 Y: (LQ 

LWI6: 5' -CCr GTG ACA AAA GCC | GAC ATC CAG ATG ACX: CAG 

LW17: GGA CAC TGT TIT CGG | CTO TAG GTC TAC TGG GTC— 5' 
X: (LQ 

end of phoA leader stut of FRI m TSYC 1150.38 

•nai 

35 Primer Z is a bade primer whose 3' end anneals to tiie final nucleotides of 
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the binnan heavy or ligbt chain cmstant region. Its S* ad contains cloning sites: 
eitiier SqsI for heavy chain, or Xtel for light chain. 

Z: (HQ 

LW15: G TTG TTC CAC CTG TTC TTT | TOA TCA | CCC C — 5* 
end o( fassua hecvy chttn Spel 



Z: (LC) 

LW20: AAG TTG TCC CXrr CTC ACA | ATT A 1 GAG CTC CCT AGG CGG — 5* 
end of Amman li^ duin STOP Xhol BamHI 

10 coaMatregm 

The products restriction digested with Hindin and Spel and v/ert 
cloned into a pBR based vector with an ampicillin selection marker. Downstream 
from the Sb©[ site, the vector carried the KT3 pqjtide sequence, NH3-TPPPEPBT- 
COOH, in frame with the heavy chain pqptide and the tfaurinpggisis cry^ 
IS protein transcrqnional terminator. Transfonnants m MM294 were screened for 
in^its, and sev^ clones bearing insert were secp^nced. LW156 contaii^ 
correct phoA prommor and leacter sequmces and correctly racodes for the 
humanized "S20C9-28'' heavy chain. 

PtoA faconx)riition Ahead of Humanized Uffl^i £p5i\r^ 
The wrong traiplate was inadv^tratiy used to (^eate the "G" fragment ( 
"G" as in the Figure 2 sctone). Tte mistake was not realized until gflqitftnnng 
revealed that one of tte humanized li^^it dudn "G" fragments for paxrat 
TSYCl 150-38 matched that of tte cteired fused ckMK. In^ead of starting ov^ and 
25 creating a nsw "G" fragmrat using tte correct traqjlate, tte sequoKSed matraals 
were modified. AmiiK) ackl alignmait of secpienced cloi^ with tte fused 
"520C9-38" sequence indicated that done "38-18" mo^ lesemhles tte desired 
sequence. It contained one error at amino acid 43 (in framework region 2, i.e., 
FR2), changing alanine to threonine and otha- emns in tte constant region. 

Overlap PGR was performed (see Figure 6) to create tte correctly fxised 
light chain sequtoce by using tCTipIates which were correct for diffaent regions of 
the variable and the conaant region, and at the same time, to incorporate the phoA 
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junction. pSYC1087 was used as the pboA tra^>late. "08-11" was used as a 
template for FRl, CDRl, and FR2 because itpo^rased the conea amino acid, 
threonine^ at position #43. "38-18" was used as the template for FR2, CDR2, 
FR3, CDR3, and FR4. Anotfa^ clone, "38*17" was used as template for the FR4 
and the constant r^ion. Exiting pmnars were used to create pnxbicts whkh 
would anneal to each other in second and tfaird round extdosicnis. Prim^ 
LWOl, and chain juncticHi pnmesr Y, LW17, were used to amplify 
pSYC1087. Light chain junction primCT X, LW16, and 0X27 amplified "08- 
11". CIX!27 was described eaiiiCT and anneals to FR2 and CDR2 regions 
ID CIjC26 and CLC20 amplified "38-18". CLC26 anneals to GDRl and FR2, while 
CLC29 anneals to FR4 and part of the constant region. CLC30, ap^ect 
compl^ent to CLC29, and Z primer LW20 amplified "38-17" to provide the 
conect constant r^on. 

In the second n>und, PCTt products fnrai pSYCl^ 
l|5 melted, reani^aled at the phoA-FRl junction, ami extmded to create a longer 
j fiagnirat tfiat contains conect sequoxceiq) to CDR2. Pnxhicts from "38-18" and 
"38-17" w»e melted, reannealed at the CLC29-20 junctum, and extouted to form 
a longer fragment, which contains sequrace from CDRl to the end of die con^t 
region. The latt^ second round fragment carries the incorrect amino add #43, 
20 alanine, from its imrent "38-18", and is the source of the problon for tte final 
extrasion stq). The two second round products melt and anneal at a large r^on 
encompassing CDRl, FS2, and C3>RZ, and extoid to potentially ficmn the final 
j phoA4mmanized light chain product. A probl^ ocoirs because ttere are two 
templates for amino add re^due 43, where one eococtes for threonine and die 
25 other, for alanine. Because at lea^ half of the toiplates for that position are 
incorrect, the same proportion of die final products will also bear that cnor. 

The PGR products were digested widi ffindm and Xhol and were ligated 
into a pBR322 based vector, similar to the cme for the heavy chain, tat minus the 
KT3 tag requence. Transfonnants in MM294 wwe scremed by colony PCR and 
30 by miniprq) restriction analysis, and potential candidates were sequenced. Clone 
LW206 contains the correct phoA promote and leader sequaice, and correct 
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variable and constant r^on amino add sequence for humanized "S20C9-38" light 
chain. 

Example 6 
Consmicrinii of HiimaniT^ 

S Piaanid from humanized teavy chain in the phoA expression veoor, 

pLW144, was cut with Hsi and 2Qt$2l ami purified. Separately, a PCR reaction 
was performed, using clcme LW206 as template, to add a Nsil site atead of the 
phoA lead^ sequence. Restriction digest of tte PCR product with Nsil and Xho l 
resulted in a fragment of aiqiroximateiy SOObp ready for ckndng bdiiml the heavy 
10 chain V gene. Ligation and transformation (TLW170) into MM294 g. fioM host 
reaiUed in a large number of inseit-bearing clones. Clones TLWlTO-l and 
TLW170-3 were sequem^ed and confumed to contain correct phoA, heavy chain, 
the KT3 tag, and light chain sequences. 

13 PnrificatiQn of HumaniT^ 520C9 E. Coli Expressed Fab 

Ctee liter of cell cultme E. ^ strain TLW170-1 was inoculated aiKl 
induced for ^ression of the plasmid encocted proteins for about 8 hours. 

i 

Low Phosphate Induction: 

j A tube or flask containing EQ P medium [High Hio^hate Medium (EQ P): 

l20 = Low phc^diate medium with 10 mM in KH2PQ4 was iiK>culated with a colony 
of the cells to be imhu^d and grown at SO^'C ov^nigfat on a sluiker. Cells were 
collected by centrifugatkm and washed 2X in equal vohunes of Lo P medium 
[Low Hwsphate Medium (Lo P): IX MOPS, 0.4% ghicose, 0.15% vitamin free 
casamino adds (L59), 2 /ig/ml Bl (thiamine), 0. 1 mM KH5PQ4, antibiotic 

125 (ampidllin, 50-100 ng/xsH] and re»i^)en(ted in tow phosphate medmm (10 

mis/tube). The cells w^ resusp«[uted in tte original vohmie in Lo P medium 
and tfaOT diluted 1:50 into fresh Lo P. TTie cells were incubated at 30**C for > 6 

I hrs to overnight on a shaker, Tht cells should achieve a final A«o of 
ai^roximately 1. 
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Cells woe removed by centrifugalion at 10,000 ipm for 30 min. and 
wasfaedonceinSOmlof FBS/Nafr^. Ilsey w«e stored at -2''C. 

The pdl^ wm tcs^jspcoded into FBS/NaN3, one pdl^ into 25 ml and the 
second pellm 40 mL Tlie fim was lefrozcn at -20''C and Oawed at ST^'C a total 

Is of four times inclnding the initial thaw. Tbe second pdl^ was sonkated foot 
times of two minute duration. Bc^ tbe fieezc/thaw and sonicadoa mixtures were 

I centrifoged at 10,000 ipm for 30 mioates. 

Hie following samples woe saved for analysis by EUSA: A-cells in 
growth n^dia, B-growtfa media from tbe first ceotiifugation, C*fiist c^itrifugation 

10 pelb^ EBS/NaN3 wash, D-fieeze/diaw pellet, Erfxeeze/thaw stqiematant (25 ml), 
F-sonication pdl^ and G-sonication suposatant (40 ml). 

An SDS-PACS nonredudng gel analysis was peifom^ on samples A 
thrcm^ G. Coomassie Blue staining indicated ^mie Fab in samples A, D, E, F, 
andG. A c-^liB-2 EUSA of fxadicms A tfanmgh G indicate acti^ 

IS F, andG. However; the activity in fraction E was found to be higher than G. 
Snnilar purification procedures petfonned on S20C9 (non-humanized) expressed in 
1. tsli also found die U^bsst level of and c-eibB-2 activity in fraction E. 

To isolate Fab Oxmtaining the KT3 tagged H chain), a 2ml affinity cohimn 
of Protein G Sqpharose 03 was washed with 3 cobimn volumes of 0.1 M 

20 Na^COj, pH 10.5, ami tbsn a large votame of PBS/Nal^. A sample of each 
sup^natant ^0 ml of E and 35 ml of G) were sq)arately passed ov^ the same 
column. After the sample loading was comply the colunm was washed with 10 
ml of VBS/NdN^ wbkSi was added to the fiow-tfarcmgh volume. The matoial 
bound to the column was ehited using 10 ml of 0.1 M NajCO,, pH 10.5. The 

j25 eluate was immediately n^xtialized and the protein coxurCTtraticm d^imnined using 

I Pierce Coomassie reagrait: the sonicated duted matraial fiom sample gave a 

concsitration of 28 iig/ml and the fteeze/Aaw sample gave 7 iigfml. SDS-PAGE 
analysis of the starting material, tbe flow through, and tbe eluate, shows there is 
still a large amount of the Fab in tbe flow through of both the ficeeze/thaw and the 

30 sonicated procedurss. 
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Repamration Studies of Fab Produced in R rnii 
Renatuiation of Fab produced in B. cqU was successfully perfbnoed using 
procedures described in Buchncr and Rudo^)fa, Bio/Technology 9:157-162 (1991). 
S Using conditicms ctescribed as of^imal by Buchncr and Rudolph humanized S20C9 

Fab (TLW170-1) with binding activity to c-abB-2 has been produced. 
\ Fuitbennore, activity in the crwte exofaa was oteained in the absence of 
I dMatuiation/rMiaturalion for two versions of the hnmflnw^ri 52(K:9 Fab (from 
I clones 170-1, 169-1). 
fO Mfihfids 

sa^ wm grown ovmiight in 2S mis of EQP medium. The cells were 
harvested by cratrifugadon (10 minutes, 6,000 rpm in two 15 ml tubes), washed 
oiu:e in low phosphate medium. The cells contained in 1 tube (equivalrat to 12.5 
mis of the HiP medium) w^ used to imxnilate the low pto^hate culture, which 
15 was grown at 30*C for 7 hours. The cells were harvested by cratiifugation and 
combined into orc 50 ml centrifuge tube. The cdls were eitter frozen at -20''C 
ovmiight or treated widi lysozyme. 

The fteshly collected or thawed cells were resuspraded in 50 mis of 0.1 M 

i 

Tris CI, pH 7.8 containing 20 mM EDTA and 0.5 mg lysozyme/ml at room 
20 temperature for 1 hour. The lysed cells were CMlrifuged at 20,000 ipm for 25 
minutes and the nip^nratant stored frazra until they were assayed. Breakage was 
evidmt by the gel-like nature of the aispoision. The pellets were washed with 50 
mM Tris CI, pH8, containing 2S) mM EDTA. Sonication of one batch was used at 
this stage to break up the pellet and provicte b^ter extraction. 
25 TTie pdl^ were resuspMtted in 50 mM Tris Q. pH 7.8, containing 1 % 

, Triton X-100, 0.5 M NaCl, ami 20 mM EDTA. The pdtos were collected by 

centrifugadon and washed twice with 50 mM Tris CI, pH 7.8, containing 20 mM 
j EDTA. To the drained pell^ wot added 0.1 M Tris CI, piH8, containing 6 M 

guanidme HQ, 0.3 M dithiothreitol, and 2 mM EDTA. The suspension was 
30 voitexed occasionally at room temperature for 1 hour and the pellet collected by 
centrifugation at 40,000 rpm for 15-20 minutes. The pelto was recxtiacted with a 
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smaller volume of deoatuiant in one npedment. 

The protein concamadon was deiennined by Bradford analysis. SDS- 

; PAGE was nm on the sampler widi and wittioiit reduction to detennine the purity 
and levd of exptesskm of Fab. 

Is Rmamration was achieved by dilutmg the guaniriire/DTE solution of Fab 

into 0.1 M Tds Q, pH 8.2, containing 2 mM EDTA, 0.2 M L-aiginine, aiul 2 
mM oxidized glutatfaicme. Tte fiimlxiilaticm of tte Fab was 1:100, whidi 
piodnces a final coxuxnttatkm of 3 xnM DTE m the redox systm. The 
lenatutaiion bafkr was bnnight to ll'^C bdbxe dilation was made. 

] 0 Results and Disoission 

Time Deoendegnce of RCTaturation of PeU^ F: 

A pellet (F) (see section VI for d^ails), produced from 170-1 humanized 

S20C9 Fab in £. was extracted with guanidine and DTE and itoatuied as 

described above. The total protein concotration in the lenatmation iHiffer was 35 
15 and 18 ^g^ml. Because the pellet during washing looked as if two layers were 

being separated during cratrifiigation, an attempt was matte to separate th^, 
I resulting in two fractions. SDS-PAGE analysis did nc^ indicate any diff^CTces 

b^era the two fractions. 

To liable all of the assays to be done at once, dilutions from the 

i 

20 guanidine/DTE solution of Fab (store at room temperature) were made at various 

j 

I tunes and rraiaturation started at IPC (lO^'C was intended). Dilutions were 
j p^fbnned by adding 100 ^1 of Fab/guanidine/DTB solution to 10 mis of 
j renaturation buffer (whidi had been ^ored in the ref ri ger ator). After 86 hours of 
j renaturation, the samples wm all assayed at ib& same time. Tte staggered times 

25 of renaturation were 86, 74.5, 38.5, 16.5 and 0 hours of roiaturation. The buffer 

I 

control produced no signal. Activity was detected in all sanq)les. The best 
recovery of activity was seen with tfie longest time of roiaturation. Because no 
positive control was possible, the extrat of the recovery of activity could not be 
estimated. 

30 These samples wwe assayed again about 3 days later. The activity was 
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again observed, hit there was less differrace between the shottest and longest 
times of reoaniiation. This was expected as all of the molecules reached the 
"plateau" r^ion ctescribed by Buchner and Rudo^h. 

These expoimeots demonstrate that renatuiation of Fab produced in g. sbH 

\ S was possiTile and that the hunuuizedvenion of 520C» refolded and was active. 

i 

I 
f 

Concentratiog of "Tiine Denendence" Sample;- 

About 6 days after the start of the renaturaiion studies, all the samples were 
pooled and concentrated on a stirred ultrafiltration device. The concentrate was 
stored at 4"C, and became cl(mdy. 

10 Renaturatinnnf f- 

Most of tlw guanidine/DTE solution of pdto F was left after the time 
dependence sdidies described above. Therefore, tiie remainder was dUuted 1:100 
into lenatmation buffer and incubated at 1 1 °C. ELBA assays revealed activity. 

Renatuiation of TLW17n-l • 
5 The cells fixHn 500 mis of medium induced for 7 hours at 30''C were 

treated with lysozymc and tiie supernatant collected by centrifiigation. TbepeUet 
was exttacted with 4 mis of guanidine/DTE. Because of tiie presence of DNA, 
the peUets resembled rubber before extraction. Bradford analysis showed that the 
amber colored 40,000 ipm supernatant contained 3.2 mg of pnKein/ml. The 

to protein was diluted into 340 ml of renatuiation buffer and incubated at 11 'C. C- 
eifaB-2 binding activity was observed by ELiSA. 

SDS-PAGE showed that little or no 50,000 KfW Fab in the pellet was 

1 extracted by SDS sample buffo- that did not contain reducing agait. However, a 

: sttong band having a molecular weight of about 25,000 was obtained when tiie 
25 pellet was extracted with SDS in reducing agent. 



Comparison ofq^mgnirff d and Mv rfny f^hy 

169-1 and 170-1 are two difffflnent visions of humanized 520C9 Fab; 46-1 
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is tfae murine 5200:9 Fab eaqnessed in g. Extraction of the cdls oteiined 
from 500 mis medium with 1 ml of guanidine/DTE gave total protdn 
co n cfai ti? ti on s (meaaired by Biadfind assay) of 2.78, 3.81, and 5.22 mg^ml, 
leqiectivdy. Extiacdon of tiie ronaimng pdltt with an additumal 0.75 ml of 
guankline/DTE gave concentiations of 2.72, 1.92, and 3.32 mg/ml, le^KCtively. 
The total samples (1.75 ml) woe dShited sqaxately into 175 mis of lenatuiation 
buffer and incubated at ll'C fidHmiding activi^ was cdissved wiA all fliree 



Extraction of flie pellet witfi SDS without ledudng a^it did not sohibilize 
Fab produced by 169-1 aiui 170-1; however, d» murine Fab, 46-1, was 
sotaibilized. AU ttree Fabs woe sohibilized by SDS containing reducing a^t. 



Isolation of Pah: 

The initially refolded Fab pellet, TLW 170-1 (which was concentrated to 
about 5 ml), devdoped SOUK turbidity after conceatration. A one ml sample was 
15 dialyzed against 20 mMTris CI, pH 8.3, ovOTight at 4°C. Tte sample was 
coitrifuged at 100,000 x g fior 30 nunutK and the siq)anatam sqniated by 
chromatography u^ a Poros flrong anion exchange cotomn (0.5 ml tactions 
coMected). Whra die sanqite was oiiginaUy concHitraied (b^bre tiie turbidity 
devdqpetO, the ttttal protran coiKwitraiion was 240 pg/ml and when analyzed by ' 
2p nonreducing SDS-PACfflgd the Fab was just barely viable with Coomassie 

staining. By estimating fte jmndn conoaitiatKHi based rai die intraisity of Gaining 
the yi^ of Fab was riftrrminpd to be aboit 50 f»g/ml. The aitire sample was 
injected onto the anion eiojiange cohnnn and devdoped widx a NaCl gradient in 20 
mM Tris CI buffe, pH 8.3. Peak tubes were analyzed by SDS-PAGB with silver 
215 aain. A inurine Fab go^ated by pqain digestion was used to idsitify the 

rdalivechromatogr^hicdbitifmtime. Hbweva-, gd analysis foiled to diow any 
FAb band in any of tfae peaks. An additional sanq)Ie, howevK, showed good 
activity on tb& SKBr3 TNS plate coat assay. 

Thus, botfi murine and humanized 520C9 Fabs are active and can be 
30 renatuied from guanidine in a redox system. 
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Lai]ge sanqiles of £. ssM\ equessmg miniiie 520C9 (46-1) have been 
grown at lower tempeiatnres (23' and ITQ to increase the amount of soluble 
Fab. A 10 liter sample was induced and grown at 27'C before the cells were 
collected. Tte perqtlasmic space was opened to release the soluble, secreted Fab 
localized to tbe petq)lasinic tpacc. Has material contained active, soluble Fab, as 
measured by SDS-PAGE and BUS A. The Fab obtained from the pei^lasmic 
space was concentrated and analyzed before it was passed over a cohmm of 
immobilized c-eiliB-2 extracellular domain. The cohimn was washed and then 
ehited with a high concentration of UCI aSM). From one-tenth of the 
"peiiplasmic Fab", about 400 /ig of Fab was recovered. Fab that was not retained 
by the c-erbB-2 column was not active whai assayed by a SDS-PAGE western 
I blot. 

I Analysis of the murine 520C9 Fab (46-1) recovered from the affinity 

chromatography column showed essentiaUy the identical lesuhs whra compaiBd to 
|15 a proteolytically produced sample of 520C9 Fkb m an ELISA assay. ITierefbre, 
it appears that the association constam of the recombinant Fkb is the same, or 
ncariy the same (within experimental error), as the Fab made from intact 520C9 
antibody produced in ascites cells. 

Example 9 

20 Assays on Recombinant nnv^ ^rr' ^ S20C!9 Fah 

The purpose of these ejqjeriments was to detennine if humanized 520C9 
Fab expressed m £. fioU is arable of bmding c-«bB-2. 

Trq>Iicate sets of uniiubiced and mduced E fafi sanq)les containing 
humanized 520C9 Fab (not refolded) were run on non-iedudng SDS PAGE and 
'25 western blotted onto a membrane. Two sets were probed with HRP-monoclonal 
anti-human kappa chain or with HRP-KT3, Le., an antibody specific to the 
oligopeptide and TPPPEPET conjugated to horse radish peroxidase. A third set 
was probed with c-ahB-2ECD-HRP. ECD-HRP is horse radish peroxidase 
conjugated to an antibody speaRc for c-crbB-2 (Nu2) BCD. an extraceUular 
fO domain (BCD) of c-erhB-2 expressed in a secreted form from baculovinis infected 
SF9 msect cells (the Nu2 construa has the TPPPEPET polypeptide sequoice 
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replacmg the transmembxaite domain of c-eibB-3. A mimb^ of non^Tedfic tends 
developed in both wninrinced and induced lanes. One addiricmal band with near die 
expected.mobilxty for Fab may faave developed only in die induced lanes, but was 
so close to another non^)ecific band that it could be sten only as a widening of the 
15 lane. 

Fab fragment gen^ated from non*q>edfic human IgG was bound direcdy 
to PVC microtiter wells and pid)ed with Zymed~ goat anti-human antibody. 
Some signal was sem, but the signal was weak at the probe dilution used on the 
humanized Fab sanq)les. 

10 To avoid the uncertainties of using the goat anti-human pn^, an EUSA 

was perfooned using wells coated with SK*Br-3 TNM ceU extract, this eactraa is a 
source of cdl expressed c^«bB-2 diat does mA bear the ET3 tag pef^ide. Tte 
presence of E. CQli produced Fab bound to ti^ cell extract was detected with KT3- 
HRP. A reassay of hnmanired Fab sanq^ with this {mstocol stowed activity in 

15 various fractions, with the highest activity in the fneeze/thaw oipeinatanL Active 
Fab could not be quantitated in ateohite terms for lack of a {nnified standard. 

Refolded samples containmg humanirfyi S20C9 Fab woe assayed with the 
SK-Br-3 TNN/KT3-HRP EUSA. Samples showed over a ten-fold iuOTase in 
activity that occurred aft^ 86 hours of r^olding. 

20 The refolded samples were reassayed with the ^me ELISA after an 

additional three days refolding time. Some iiirtiier inciease in activity was seen, 
but the ELISA curves flatt^ied. Scmie sang>les refokfed for longer times showed 
less activity; tiiis could have been caused by pzc^eotytic degcadatkm among other 
causes. Samples from humanized clones 169-1 and 170-1 were active. 

25 Hinnanizfid S20C9 Fab from both ckmes (169-1 ami 170-1) is active. 

Refolding can increase activity more tiian 10- fold. 

On March 24, 1992, Aj^licants have dqx^iied with the American Type 
Cutaire Collection, Rockville, Md., USA (ATCC) the plasmid pLW187, described 
30 herein ATCC acc^on no. 68942. This deposit was made under the proviaons 
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of the Bttdq)est IVeaty on die Intenatiooal Recogni^ 
Miciooiganians for the puiposes of patent procedure and the Regulations 
I thereunder (Budapest Treaty). Hiis assures maintrgBnce of a viable cnhnie for 30 
yean fimn date of dqwsit The oisanians will be made available by ATCC 
5 under the terms of the Bud^ltaty, and subject to an agieemeot between 
Applicants and ATCC which assures unrestrictBd availability vpoa issuance of the 
pertinent U.S. patent. Availability of the deposited strains is not to be constnied 
as a license to practice the invention in contravention of the rights granted under 
tte authority of any govenanent in accordance witii its patent laws. 

10 Bonivaleirts 

All publications and patents mentioned in the above specification are herein 
incqiporated by reference. Tlie foregoing written specification is considerBd to be 
sufficient to enable one skilled in the art to practice the invention. Indeed, various 
modifications of the above^lescribed modes for carrying oat the invention which 

15 are obvious to those sldned in the field of molecular biology or related fidds are 
intended to be within tte scope of ti» following dahns. 
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WE CLAIM: 

1. An immimoglobuliii coaqmsing, a humanized vaxiable region, 
wh^ein said variable r^on is a member of a functiottal fair of vanable r^i^ 
specific for binding to c-exfaB-2. 

2. An immimQginhuHn accmrfing fn dahn 1 , mM nnmiTnngl^ iHn 

farther comprising, at teast a fiortion of a faxmian immunoglcdmlin constant region. 

3. An immnnogloimlin according to claim 2, wtoein said constant 
region is a complete ocmstant r^ion. 

4. An immnnoglobulin according to claim 2, wtoein said immanized 
variable region and said con^ant r^on are. of the same chain type. 

5. An immmioglobulin acconiing to daim 4^ wherein said ^'iiain type is 
heavy diain. 

i 
i 

I 6. An immunoglobulin according to claim 4, wherein said chain type is 

light chain. 

i 
) 

I 

I 7. An immumjgldmlinmolerale according to claim I, wherein said 

immunc^obulin furth^ comprises in op^able combmation, a leader sequrace. 

8. An inmuno^obulin according to daim 2, said immunogldmlin 
fuxtter comprising in op^table combination, an oligopqsticte tag, wfaerdn said tag 
is joined to said constant region. 

i 

i 

9 . A muM-polypeptide immunoglotalin, 
immunoglobuUn according to daim 1. 
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16. A imdfiotide seqao^, said nucleotide sequence mcoding a fim 
hTimmriTrd vanable r^ion sequence, wlraein said vamble regkm is a member of 
a Amcdonal pair spedfic for c-«hB-2. 

17. A nndecrticte sequence according to claim 16, sakl sequence further 
comprising at least a portion of a boman constant r^ion* 

18. An eiTqnession vector, said vector conq>xising in q«able 
ccmifamation, a promoter seqi^ioe, q)erably joined to a mideotide sequence 
acconfing to daim 16. 

19. A nudec^ide seq uw ce ccnqmsing a first nudeolMe sequmre 
according to claim 16, a seccmd nudeotide sequ^ux according to daim 16, 
wboein when the variable r^icms oicoded by said nudeotide sequences of form a 
functional pair spedfic for o^tiB-l. 

20. A ti[ieia9>eutic conq)ositicm conq»rising, an effectiye amount of a 
muld-polypeptide immunpgldmlin according to daim 9. 

21. A cdltransfbnned with a vector according to daim 18. 

22. A n^diod of d^ecting cardmnna cdls, said mettod conqmsing tb& 
step of, administeing a conqxiund according to daim 1 to a patimt 

23. A method of treating a cancer patient, said mg^nH onrpprigftig the 
stq) of administging a conqxnmd according to daim 1 to said patiQ[it 
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i.CURE 1 



COMPLETE NUCLEOTIDE SEQUENCE OF 
; lUNlANIZED ANTI-erbB2 520C9 Fab LW218 [H.28;L.38] 



1 




oTrroTCACOQ 


OCaAOAOTTA 


TAOTCOCXXT 


OTTTTTAXTT 








A6AAAATAAA 


OTOAAACAAA 


OCACTATTOC 


xox 




TTAeCOTTAC 


Xov-rvMcce 




•«OC«AaAT»C 




AACTOOTSOA 


4SYCTGOCCCT 


OACCXCAAOA 


A0OCXO0040 


OXCAaTOAAO 


90X 


OTCTCCTGCA 


AOOeTTCT«a 


XXACACeXTX 


AOCAKOTATO 


^AATOAACTO 
XCCATAAACX 


m%\ 


•ttrseoAciu* 


•ccecTooAe 


AACCCCXXCA 


CTOCATOeCA 






XCACTKXJCCX 


TAXOCXOAXO 


AexXOAAAOA 


AAOAOTCAAO 




ATOMCACXO 


ACACATOCAO 


OAOOACAOCO 


XAOAXOOACC 


XOAOOAOCCX 






OACAeoOCCS 


WAXXAeXO 


XCCCACACCA 


XXXCCCTXTO 


4»1 


eTTKOTSSOa 


eCAOCOAACC 


CXCOTCACOO 


vexeexesoc 


execAccAAo 








OOOAOOCVOO 




OCXCXCC'CCO 


SSI 




<nroaoere«e 


XeOTCAAOOA- 


«XAexxecc« 


OAACC64XAA 


«01 


eeoToreora 


CAACTCAOCS 


oeettMAocA 


oeooeoxocA 


OACCXTCCCO 


•sx 




AoreeTCAca 


AA y CI) ft' AACOO 


CXOAOCMOa 


XOOTOACCOT 


fox 


SOeOTCQikOO 


AoenooocA 


COCAOACeXA 


OAXCTOCIkAC 


OXVAATCACA 


7S1 


AOOOCASeAA 


CAOC3AAOOV« 




OXAOXAQCeO 


OCCOCCOCAA 


SOI 




AATAOAYGCA 


TCGAGAAAAX 


AAAOXf»AAC 


AAACCAC7AT 


• SI 


TOCXCTOOCA 


CTCTTA^eeT 


XACTCXXTAC 


OOCXCVOACA 


AXji^eOACA 


SOX 


TCCAOATOAC 


CCAOTCTCCA 


TCCXCCCTOT 


CTOCAXCXOT 


AOOACACAOA 


ssx 


OTCACCATCX 




AAOTOAOOAO 




OCT T AACCX O 


xoox* 




AAAOCAOOOA 


AAOCCCCXAA 


ooxoexoAxe 


XACOCCAGAT 


XOSl 




9X0X0000 TO 


eCATCAAOOX 


XOAOTOGAAO 


TOOATC7CGO 


xxox 




OVXXCACCAV 


CTfcOOAOXCXO 


OAOOOXOAAO 


AXAXTOCAAC 


XXSl 




CXAOAAXAXO 


OXAXXXXXOO 


OXACACOXXO 


ooecAik^oex 


xsox 


CAGOACTOOA 


OAXXAAACOA 


ACTOTOOOXO 


CAOOAXOXOY 


exxGAxexxo 


xssx 


eeoOCATGTS 


AXOAOCAOIK 


OAAAXerOOA 


Aovoeoxcxo 


XXOTOTOOCX 


xsox 




TXeXACCCCA 


CAOAOOCCAA 


AOXACACraOQ 


AAOOXCOA7A 


XSSI 




AXCOOOXAAC 


XCCCAOOAOA 


OXOXOACAOA 


OCAOOA^CAOe 


x«oi 


xxooxcioieA 


ecxACAoeex 


CAOCAOCACC 


CTOAOOCTGA 


OCAXACCACA 


x«sx 


eTACOAOAM 


CACAAAOXCT 


ACOGCTOCGA 


AOTCACCCAT 


CAOOCCCTCA 


xsox 


GTVcooecaz 


CAGAAAOAOe 


MCAACAOGO 


OACAOTOTTA 


ATCTCCACec 


xssx 


ATCC 
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PRIMERS FOR INTRODUCING ANTIBODY SEQUENCES 
INTO A pBR BASED EXPRESSION VECTOR 



W phoA pfomotof 
^ fc and toad«f 



HC or LC oodtng s«quonc« 



W phoAprom^of 



KC or LC oodtng toqu«nc« 




cut phoA-HC PGR product with cut phoA-LC PGR product with 
Hindlll & Spel for ligation with Hindlll & Xhol for ligation with 
expression vector expression vector 



HtAdlll 




Hindtll 



Spel 



crystal protein 
terrrenator 




crystal protein 
termiruttof 
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Box I (Htcfvaiinn. where certain daim» were found . m OTrrha h le (Cowiaualion of item I ofDrrt sheet) 



Thu ...u:, nauonal sorch n:pori h>s nul been ciublUhcd i„ reipect of ocruin eUuns under Axudc 1 7(2X.) for the roliowing rc«o.«: 



Claims Nus.: 

bccauic ihcy rcUlc lo lubjcci mailer nut required lo be nauchod by ihii Authority, namely. 

R,emark: Although claim 22 and 23 are directed to a diagnostic method and to 
a method of treatment of the human/animal body, the search has been carried 
out and based on the alleged effects of the compound/composition 



□ 



Oumx Ktttj 



^n^ni,[*^K^..'l^*' P"*; ?- tnicrnajionai jppiicauon Om do not comply with ihc prescribed icquircmcnu lo such 
cxicni ihai no meaningful inicTnauonaJ ictrch can be carried oui, tpcdAttUy: iwHuuwn«i« 



CUims Nox.: 



because ihey are dependcnl daimi ami are noi draArd In accordance with the scamd and third R^icnces of Rule 6.4(a). 



Box 11 



Observations wbcrc unity of invention is lacking (Continuation of item 2 of first sheet) 



This InicrnkUunaJ 



I Searching AuUiuriiy foujid mulupic invcnuims in ihi« inicrnaUonal applicaiion, as follows: 



ttL^ibrdllilf"''""*' ""^ aWlicMiU Ihi. imernalional tearch 



report covers all 



of ftiiy addiuonal fee. 



"^"^ "» additional f«. iW. Authority did not 



mviic payment 



O ^ ^'^P^-^ — h report 



^ ILl/,^'l'o .^^^||°'^.«^ f«« pjiki by the apptonu ConsequmUy. this mtcrnauonal search 

rcs|ncicd to the invcnUon Ortt mcnUoned In the claims; it is covered by daimi Not: 



report is 



Hcniark on l^oicst 



j I additional search fees were accompanied by the applicant s protcsL 
I I f^'o protest accompanied the payment of addiuonal search fees. 
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